Abstract. The conventional flame brazing using combustible gas and oxygen flame as the heat source for welding, it has the problems such as high energy consumption, no environmental protection, potential safety hazard and so on. In order to avoid the above problems, based on the characteristics of plasma arc and plasma brazing, a novel method of plasma flame brazing (PFB) is proposed. In the process, the plasma non-transfer arc is converted into the heat source, the flame energy density formed by the compressed gas through the non-transfer arc is enough for flame brazing. In this paper, the equipment for the process was developed, including key technologies such as independent arcing seat, nozzle structure optimization, nozzle cooling system and power supply. The reliability of the technology and equipment have been verified through practical application.
Introduction
The conventional brazing is based on the burning of flammable gas to produce flame, such as oxygen oxyacetylene flame, natural gas flame and so on. Due to the energy shortage and energy saving and emission reduction requirements, the use cost is rising year by year. However, flame brazing technology is widely used in industrial field [1] [2] [3] . Brazing is a kind of filling metal with a lower melting point than the base metal (brazed material), which is heated with the base metal [4] . When the temperature below the base metal melting point and above the solder melting point, the liquid solder is used to moisten the base metal surface [5, 6] . The welding method of spreading and filling joints in the gap of base metal, dissolving and diffusing with base metal, cooling and solidifying to form a firm union, so that the base metal can be connected together to realize the connection between parts. Compared with the fusion welding, the base metal does not melt but only the filler metal melts during brazing, so the microstructure and properties of the base metal are not affected significantly. Because of the low heating temperature of brazing, the welding part can be heated uniformly, the deformation after welding is small, the size of workpiece is accurate, the joint is smooth and beautiful, which is suitable for welding precise and complex parts.
It is generally known that the result of energy input is to change the aggregate state of matter from solid to liquid and from liquid to gas. If the additional energy is fed into the gas, the gas will be ionized and transformed into another aggregated state, the plasma state. Plasma gas is a kind of high energy hot gas, which has high temperature and ionization characteristics, and therefore has electrical conductivity. When the plasma is in contact with other matter, the input energy is transferred to the surface of the contact material and a series of effects are produced.
In this paper, a novel method of plasma flame brazing is studied, and the equipment of plasma flame brazing is designed. The main contents of the study include several key technologies such as independent arcing seat, nozzle structure optimization, nozzle cooling system and power supply.
Principle of PFB Process
Plasma flame brazing is a brazing method to melt solder and heat the base metal by the heat of plasma flame as shown in Figure 1 . A stable arc is generated between the cathode electrode and the inner wall of the nozzle (anode). Then, the compressed air flows through the arc region at high speed, then the gas is heated by the arc to produce dissociation, and passes through the water-cooled nozzle at high speed, it is compressed to increase the energy density and dissociation degree, thus forming a plasma flame. The process mainly has three characteristics. Firstly, the heat of plasma flame is concentrated. Secondly, the thermal stability of plasma flame is good, because the compressed air is fully ionized. The controllability of plasma flame is convenient, because the heat effect can be adjusted by changing the arc current, the gas flow rate and the compression ratio of the nozzle. 
Development of PFB Equipment Equipment System of PFB Process
The equipment system of PFB process as shown in Figure 2 , the system consists of the brazing torch, PLC control unit, power supply (Frequency conversion), Compressed air generator, cooling circulating water device and so on. Using insulated gate bipolar transistor, a high frequency conversion is built with advanced PWM control circuit, thus the high voltage and large current plasma power supply is provided. A stable non-transfer plasma arc is formed through the arcing seat to short-circuit arc. The compressed air generator adjusts the pressure of compressed air under the control of PLC control unit, the compressed air flows through the arc region at high speed, then the gas is heated by the arc to produce dissociation, and passes through the water-cooled nozzle at high speed, it is compressed to increase the energy density, thus forming a plasma flame. The cooling cycle system can take away the high temperature generated at the brazing nozzle in time. 
Key Technology of PFB Equipment
Innovative arc Ignition Method. The conventional methods of plasma arc ignition are usually short-circuit arcing or high-frequency arcing, among which short-circuit arcing is used more frequently. At present, most of them make the electrode sprang up after short-circuit arcing by pushing the arcing needle in the built-in arc starting structure of welding torch. The size of the conventional welding torch is large, this due to the internal structure of the welding torch, and the labor intensity of the operator is large. In addition, the welding nozzle is close to the operator and the high temperature also causes the operator to be very inconvenient to use, and the circuit design is complex and the production cost is high. In this paper, a independent arcing seat is designed, and the short-circuit arcing is carried out by independent arcing seat, so the large size of the welding torch is reduced. After several improvements, the designed torch is only slightly more than 20 percent in volume and weight than the gas welding torch. The independent arcing seat is shown in Figure 3 , and the process of arcing is shown in Figure 4 . Conveying Mode of Scaling Powder. In copper brazing process, the scaling powder are often used to improve the fluidity of the brazing materials after melting and to clean and protect the blazing surface of the workpiece. The copper brazing usually uses borax as the scaling powder in the actual production. However, the production efficiency is very low. In addition, it also requires mechanical treatment after brazed. In the plasma flame brazing equipment, a gaseous scaling powder generator is designed, the user does not have to use extra scaling powder, so the method can greatly improve the working efficiency. The gaseous scaling powder can increase the heat value of the plasma flame and makes the flame temperature higher. In this paper, two types of conveying mode of scaling powder are designed as shown in Figure 5 . The first type is the conveying position located on the upper part of the nozzle, the scaling powder pass through the ultra high temperature plasma arc area. the chemical composition of the scaling powder will give off very dazzling light, which is not good for workers to operate. In order to avoid this problem, the second conveying mode is designed, the conveying position located near the bottom of the nozzle, the scaling powder does not go through the ultra high temperature plasma arc area. Cooling System of Brazing Torch. The center temperature of the plasma arc is extremely high, so the design of the cooling system is very important. Figure 6 shows the torch head structure, the annular cooling water channel is embedded in the torch head. Because the heat conductivity of the water cooling heat dissipation is more than 20 times that of the traditional air cooling, the equipment adopts the circulating water cooling device to dissipate heat in time. To prolong the life of welding torch and electrode. The circulating cooling water system is composed of an exchanger, a water tank, a pump and a fan. The design of the circulating water cooling system refers to the following formula:
After working continuously for 4 hours at 30 degree Celsius, the coolant temperature in the water tank is kept below 60 degree Celsius. Under the actual design of 3KVA power, the flow rate of cooling circulating pump is 20L/min, and the lift is 20m, which can be used. Power Supply of PFB. The power supply adopts the typical full bridge circuit, the PWM controller uses the common SG3525 chip. In order to improve the stability of flame, a closed-loop control loop is designed, and the output current is detected by Hall sensor in time. In the process, the circuit is fed back to PWM control circuit for dynamic adjustment. The actual output current is 15A, and the average output voltage is 170V. The block diagram of the power supply as shown in Figure 7 . To meet the long-term needs of the equipment and to consider the reliability, we designed the protection circuit. The soft-start circuit makes the main circuit power supply with delay, thus reducing the impact of the back EMF on the circuit when the power circuit is powered on. Hall sensor detects the output current in real time, through the comparator in the feedback circuit to process, sets the output current above 35A circuit cutoff, because the device uses short circuit arc, the current setting value is too low will result in the failure of the arc induction. The water flow and temperature sensors detect the cooling water cycle and whether the power device is overheated. When the cooling water cycle is not working properly, the power device over temperature will cause the IGBT to burnout.
Application of PFB Equipment
The actual brazing effect of PFB process is shown in Figure 8 . The brazing surface is smooth, no secondary treatment is required after brazing, and the brazing material is not wasted. Because of the high temperature of plasma flame, the actual brazing efficiency is about 20% higher than that of common flame brazing. Through feedback from some lighting industry users in Guangdong Province, the use cost of the new plasma flame brazing equipment is about 1/3~1/4 of the existing oxygen brazing cost. The following table is the cost comparison table of plasma flame and oxygen acetylene flame and natural gas flame (unit: RMB). 
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Summary
A novel method of plasma flame brazing has been proposed, and the equipment of plasma flame brazing has been designed. The following conclusions can be drawn: (i) The plasma flame brazing has the advantages of high safety factor, high efficiency, high stability, no flammable, explosive gas, environmental protection, energy saving and so on, it can replace the traditional process of oxyacetylene flame or natural gas flame. (ii) In the plasma flame brazing process, the plasma arc ignition is applied to flame brazing. In this paper, an independent arcing seat is designed. By replacing the built-in arc-igniting structure with the independent arcing seat, thus solving the defect that the built-in arc-igniting device leads to the excessive volume of the welding torch. (iii) According to the actual test and market research, the equipment is efficient, energy-saving and stable, the use cost of the new plasma flame brazing equipment is about 1/3~1/4 of the existing oxygen brazing cost.
